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BILINEAR R-PARITY VIOLATING SUSY: SOLVING THE SOLAR AND 
ATMOSPHERIC NEUTRINO PROBLEMS 
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Bilinear R-parity violation is a simple extension of the MSSM allowing for Majorana neutrino masses. 
One of the three neutrinos picks up mass by mixing with the neutralinos of the MSSM, while the 
other two neutrinos gain mass from 1-loop corrections. Once 1-loop corrections are carefully taken 
into account the model is able to explain solar and atmospheric neutrino data for specific though 
simple choices of the R-parity violating parameters. 



1 Introduction 



Atmospheric neutrino data so far provides 
the most compelling evidence for non-zero 
neutrino masses EJ, indicating large mixing 



among neutrino flavours and a typical Am-^- 

(few) 10-3 eV^. 



of the order of Am? 



On the other hand, despite new high quality 
data, the long standing solar neutrino prob- 
lem still allows both large arid, small mix- 
ing angle values for neutrinos Bl and A?7i^ ^ 
0(10-5) eV^ or Am^ - 0(10-^) eV^ i 
(SMA and LMA or LOW solutions of the so- 
lar neutrino problem, respectively). 

Many attempts to explain neutrino 
masses can be found in the literature 0. Here 
we summarize the work of u. It is based on 
a simple bilinear R-parity violating (BRPV) 
extension of the MSSM. This model, despite 
being minimalistic can explain atmospheric 
and solar neutrino data for specific ranges of 
model parameters. Its attractiveness lies in 
the fact that these parameter choices neces- 
sary to solve the neutrino problems give at 
the same time definite predictions for accel- 
erator physics, u 



2 Bilinear R-parity violating 

SUSY 

In the simplest extension of the MSSM in- 
cluding R-parity violation the superpotential 
contains just 3 additional bilinear terms El 



W = Wmssm + ^iLiHu 



(1) 



They violate lepton number by one unit 
and therefore necessarily generate Majorana 
neutrino masses. Corresponding bilinear R- 
parity violating terms appear in the soft 
SUSY breaking terms, but strictly speaking 
these are not independent parameters be- 
cause of the tadpole conditions Q. 

In this model at tree-level only one neu- 
trino picks up a mass via mixing with the 
neutralinos. This tree-level mass can be esti- 
mated by 13 



Mi.g2 + Ahg' 



|A|^ 



(2) 



Adet{M^^:) 

Here, A'h and M2 are the MSSM gaugino 
masses, Al^o is the MSSM neutralino mass 
matrix and A is defined by A^ — eiVd + fJ-ii'i), 
with {i>i) being scalar neutrino vevs. 
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Since only one neutrino gains mass at 
tree-level in BRPV, to study solar and atmo- 
spheric neutrino problems at the same time, 
it is necessary to include 1-loop corrections. 
Details are given in □. 

3 Numerical results 

After including 1-loop corrections the BRPV 
model produces for nearly all choices of pa- 
rameters a hierarchical mass spectrum. The 
largest neutrino mass can then usually be 
estimated by the tree-level value. This is 
demonstrated in Fig. n| where we show 
An 



J as a function of |A|/(-\/M2/i). As the 
figure shows, correct Am'^f^ can be easily ob- 
tained by an appropriate choice of |A|. 

The solar mass scale, on the other hand, 
is entirely generated at 1-loop order and 
therefore depends on the model parameters 
in a complicated way. Fig. shows one ex- 
ample. The parameter e^|/A| is most impor- 
tant for determining the size of the loop cor- 
rections, but loops also show a strong depen- 
dence on tan/3. 

Turning to the discussion on neutrino an- 
gles, we note that as long as the 1-loop cor- 
rections are not larger than the tree-level con- 
tribution, the flavour composition of the 3rd 
mass eigenstate is approximately given as 




10=|A|/(VM2m) 
Figure 1. The atmospheric Am^ as a function of 
\A\/(-\/M2fJ.). The figure shows how the tree-level ap- 
proximation can be used to fix the largest mass scale 
in the bilinear model. 




Figure 2. The solar Am as a function of e |/A| for 
otherwise fixed parameters of the model. The fig- 
ure shows how the importance of loop corrections in- 
creases with increasing e^|/A|. 



C/,3«A,/|A|. 



(3) 



Since atmospheric and reactor eI neutrino 
data tell us that i'^, — > v-r oscillations are pre- 
ferred over 1^^ — > Ve oscillations, we conclude 
that Ae < A^ ~ Ar is required for BRPV to 
fit the data. This is shown in figs. and H. 

For the solar angle the situation is more 
complex. As explained in □ there are two 
cases to distinguish. With the usual minimal 
supergravity unification assumptions, ratios 
of ei/cj fix the ratios of Ai/Aj. Since at- 
mospheric (and reactor) neutrino data imply 
that Ae <C A^ , At- only the small angle solu- 
tion to the solar neutrino problem can be ob- 




Figure 3. U^^ as a function of Ae/Ar. 
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Figure 4. Atmospheric neutrino mixing angle as a 
function of A^/.^/A|+A|. Since Ae -C Afi,Ar is 
required by the reactor neutrino data, A^ ~ Ar is 
needed to obtain large atmospheric neutrino mixing. 



taincd in this case. However, even a very tiny 
deviation from universality of soft parameters 
at the unification scale relaxes this constraint 
sufficiently, such that also large angle solar 
solutions can be obtained in our model, see 
Fig. I 

4 Conclusions 

Bilinear R-parity violating SUSY, despite be- 
ing a very simple extension of the MSSM can 
Explain atmospheric and solar neutrino data 
, once 1-loop corrections are taken carefully 
into account. The main attractiveness of the 
model, however, lies in the fact that it can be 
tested at future accelerators. In U we discuss 
the definite predictions made for ncutralino 
decays. 
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